Background-Although glycoprotein IIb/IIIa inhibitors have been shown to reduce periprocedural and late ischemic events in patients undergoing stent implantation, the relative safety and efficacy of different agents in this class is less established. Also unknown is whether the acuity of the presenting clinical syndrome, which may affect the degree of platelet inhibition required or achieved, influences the response to different antiplatelet agents. Methods and Results-A prospective, multicenter, double-blind, randomized trial was performed in which 4809 patients undergoing planned stenting were randomized to receive abciximab or tirofiban. In patients with acute coronary syndromes (ACS; nϭ3025), abciximab resulted in lower rates of myocardial infarction at 30 days (5.8% versus 8.5%; Pϭ0.004) and 6 months (7.2% versus 9.8%; Pϭ0.013), although 6-month mortality rates were identical (1.39% in both groups; Pϭ0.99). Conversely, in patients without ACS (nϭ1784), myocardial infarction rates were not significantly lower with tirofiban, survival was similar, and target vessel revascularization was reduced, which translated into a trend toward enhanced 6-month event-free survival with tirofiban (89.7% versus 86.6%; Pϭ0.056). Conclusions-In patients with ACS undergoing stent implantation, abciximab use compared with tirofiban results in greater suppression of periprocedural myonecrosis, although a survival benefit has not been demonstrated. Patients with stable coronary syndromes may have equivalent or better outcomes with tirofiban relative to abciximab, with fewer adverse hematologic and hemorrhagic events. These data raise important issues regarding the relative pharmacodynamic inhibition of platelet function required in varying clinical scenarios and have important implications for the cost-effective utilization of glycoprotein IIb/IIIa inhibitors.
A s a class, glycoprotein (GP) IIb/IIIa inhibitors have been shown to reduce the composite occurrence of death, myocardial infarction (MI), and need for target vessel revascularization (TVR) after percutaneous coronary intervention (PCI). [1] [2] [3] [4] [5] [6] [7] Individually, different GP IIb/IIIa inhibitors vary in the extent and time course of platelet inhibition achieved and in their specificity for the ␣ IIb␤3 integrin receptor. 8 -14 Furthermore, because clinical syndromes characterized by plaque rupture and thrombus formation are associated with systemic platelet activation, [15] [16] [17] a differential response to GP IIb/IIIa inhibitors of varying potency might be anticipated in patients with unstable angina compared with stable ischemic heart disease.
In the TARGET (Do Tirofiban and ReoPro Give Similar Efficacy Outcomes?) Trial, 4809 patients at 149 medical centers in 18 countries were prospectively randomized to receive intravenous abciximab or tirofiban during planned coronary stenting. Compared with tirofiban, abciximab was found to result in greater protection from periprocedural myonecrosis at 30 days. 18 Notably, a significant interaction effect was present between GP IIb/IIIa inhibitor assignment and presenting clinical syndrome. 18 The purpose of the present report is to explore the potential impact of clinical syndrome acuity on the differential response to abciximab versus tirofiban in patients undergoing coronary stent implantation.
Methods
The TARGET protocol and methodology have been previously described. 18, 19 In brief, patients of any age undergoing PCI were considered for enrollment if all lesions were amenable to stent implantation. Principle exclusion criteria included acute MI, cardiogenic shock or decompensated heart failure, renal insufficiency, thrombocytopenia, and bleeding diathesis. The Human Investigational Review Board at each site approved the protocol, and all patients provided informed written consent.
Randomization and Medications
Patients were randomized in a double-blind, double-dummy design to either tirofiban (10 g/kg intravenous bolus followed by an infusion of 0.15 g/kg per minute for 18 to 24 hours) or abciximab (0.25 mg/kg bolus followed by an infusion of 0.125 g/kg per minute to a maximum of 10 g/min for 12 hours). All patients received 250 to 500 mg of aspirin within 24 hours of the procedure and 75 to 325 mg daily thereafter. A 300 mg loading dose of clopidogrel was recommended 2 to 6 hours before the procedure, followed by 75 mg daily for 30 days after the procedure. Creatine kinase-MB levels were determined at 6 hours after the procedure, then every 6 hours for 24 hours. Hematologic indices were monitored at 6 and 24 hours after the procedure. Clinical follow-up was performed at 30 days and 6 months.
Definitions, End Points, and Statistical Analysis
The presenting clinical syndrome was categorized as either an acute coronary syndrome (ACS; unstable angina, non-ST-segment elevation MI, or recent but nonacute ST-segment elevation MI) or a non-ACS (stable exertional angina with or without a positive stress test, asymptomatic ischemia with a positive functional study, or other miscellaneous conditions). The primary end point of the study was the composite occurrence of death, MI, or urgent TVR within 30 days. Prespecified secondary clinical end points included the individual components of the primary end point; the rates of death, MI, and any TVR within 6 months; and hematologic and hemorrhagic complications (as defined by the TIMI criteria 20 ). Angiographic success was defined as a diameter stenosis Ͻ20% with TIMI-3 flow. MI was defined as creatine kinase-MB elevation to Ͼ3ϫ normal on 2 consecutive blood draws within 48 hours of the procedure, or a creatine phosphokinase (CPK)-MB Ͼ2ϫ normal if occurring later, or the development of new Q waves. All primary and secondary end point events were adjudicated by an independent committee blinded to treatment allocation after review of original source documentation.
The sample size was chosen based on the assumption that tirofiban would be noninferior to abciximab, as previously described. 18, 19 Categorical variables were compared by the likelihood ratio 2 test or Fisher's exact test. Continuous variables are presented as median (interquartile range) and were compared by one-way ANOVA or the Kruskal-Wallis test. Time-to-event data were analyzed using survival techniques and compared by the log-rank test. The influence of baseline demographic features, angiographic variables, and treatment assignment on 6-month outcomes were evaluated using Cox proportional hazards regression. All analyses were by intention to treat, and all probability values are two-sided. Statistical significance was determined at the PϽ0.05 level.
Results

Clinical Syndrome Acuity and Outcomes
Of 4809 randomized patients undergoing PCI, 3025 (63%) had an ACS, and stable coronary syndromes were present in 1784 ( Figure 1 ). Compared with patients with non-ACS, patients with ACS were more likely to be female, currently smoking, and have antecedent angina, prior MI, and left ventricular dysfunction (Table 1) . Lesions associated with ACS were more frequently thrombotic and more commonly located in bypass grafts. Angiographic success rates, however, were similar in both groups.
Clinical results after intervention appear in Table 2 . Compared with patients with stable coronary syndromes, patients with ACS had significantly higher rates of combined death or MI at 30 days and 6 months and TVR at 6 months. By multivariate analysis, the presence of ACS was an independent determinate of 6-month death, MI, or TVR among patients undergoing PCI (odds ratio, 1.4; 95% confidence interval, 1.2 to 1.6; PϽ0.001).
Impact of GP IIb/IIIa Inhibitor Assignment in ACS Patients
Demographic features (Table 3 ) and clinical syndrome type ( Figure 1 ) were similar among patients with ACS who were randomized to abciximab versus tirofiban, except that patients assigned to abciximab were slightly older. Lesions in tirofiban-assigned patients were more likely to be located in the left anterior descending coronary artery and less likely to be located in the left circumflex artery. After the procedure, TIMI-3 flow was present in 98.7% versus 98.1% of patients randomized to abciximab versus tirofiban, respectively (Pϭ0.15).
Compared with tirofiban, abciximab use in ACS resulted in fewer periprocedural infarctions due to a reduction in Q-wave and large and small non-Q-wave MI (Figures 2 and 3) . Composite death or MI rates at 30 days were higher and the relative benefit of abciximab was greater in patients presenting with recent MI (6.9% with abciximab versus 11.7% with tirofiban; Pϭ0.02) than in those presenting with unstable angina without CPK-MB elevation (6.0% versus 7.9%, respectively; Pϭ0.08). The relative reduction in periprocedural MI rates with abciximab compared with tirofiban was somewhat attenuated, although still significant, in patients pretreated with clopidogrel ( Figure 3 ). Short-term rates of death and repeat TVR were similar with both GP IIb/IIIa inhibitors in patients with ACS. Abciximab use more commonly resulted in thrombocytopenia and mild hemorrhagic complications than did tirofiban, although major hemorrhage and the need for blood product transfusions were not increased (Table 4) .
At 6 months after the procedure, MI rates remained lower in patients with ACS who were treated with abciximab rather than tirofiban, although mortality was identical and rates of TVR were similar ( Figure 4 ). Independent correlates of adverse events at 6 months in patients with ACS are shown in Table 5 .
Impact of GP IIb/IIIa Inhibitor Assignment in Non-ACS Patients
Baseline characteristics (Table 3) and clinical syndrome type ( Figure 1 ) were similar among patients with stable coronary syndromes randomized to abciximab versus tirofiban. Postprocedure TIMI-3 flow was achieved in 97.3% of patients randomized to both abciximab and tirofiban (Pϭ0.95).
In contrast to the findings in patients with ACS, tirofiban and abciximab resulted in similar rates of periprocedural MI in those with stable coronary syndromes, with the point estimates favoring tirofiban (Figures 2 and 3 ). Death at 30 days and 6 months was infrequent in patients with non-ACS treated with either GP IIb/IIIa inhibitor. However, TVR within 6 months was required less frequently in tirofiban-assigned non-ACS patients, which resulted in a trend toward enhanced late event-free survival with tirofiban ( Figure 4 and Table 5 ).
Relationship Between Periprocedural Myonecrosis and Mortality
By actuarial analysis, 6-month mortality occurred in 1.0% of patients with periprocedural peak CPK-MB Ͻ3ϫ the upper limit of normal, in 0% with peak CPK-MB 3 to 8ϫ the upper limit of normal, and in 8.7% with peak CPK-MB Ͼ8ϫ the upper limit of normal (PϽ0.001). However, of the 51 patients who died by 6 months, only 6 (12%) had periprocedural myonecrosis after PCI.
Discussion
In this large, prospective, multicenter study in which a broad cross-section of patients undergoing stent implantation was randomized to abciximab or tirofiban, the acuity of the 18 This observation raises important issues regarding the relationship between disease processes and the response to pharmacological agents within the same class but with varying pharmacodynamic potencies and properties, and it has potentially important implications for cost-effective medical practice. Values are median (range) or percentage. Abbreviations as in Table 1 . PϭNS for intra-group abciximab/tirofiban comparisons except as otherwise noted. *PϽ0.03; †PϽ0.01. 
Risk Stratification: ACS Versus Non-ACS
Surprisingly, recent studies have found similar rates of adverse events after PCI in patients with stable and unstable angina. 2, 3 In contrast, in the present study, the presence of ACS was a powerful independent determinate of adverse events, even after differences in baseline variables were controlled for in multivariate analysis. Patients with recent MI were at an even higher risk than those with unstable angina and normal CPK-MB. Thus, identification of optimal strategies to improve outcomes in patients with ACS undergoing PCI is particularly critical. Conversely, applying costeffective strategies in lower risk patients with non-ACS is desirable as long as outcomes are not compromised.
Impact of GP IIb/IIIa Assignment in ACS
In the present study, despite similar rates of angiographic success, patients with ACS treated with abciximab rather than tirofiban had significantly lower rates of periprocedural MI, with the greatest relative reduction present in the highest risk patients: those with recent MI. Because protection from periprocedural events by GP IIb/IIIa receptor blockade may be dependent on the degree of platelet inhibition achieved, 21 the findings of the present study are concordant with recent reports describing lesser early pharmacodynamic potency of tirofiban relative to abciximab with the drug regimens studied in this trial, 10, 22 a condition that may be exacerbated by GP IIb/IIIa receptor up-regulation in ACS. [15] [16] [17] A notable dissociation between periprocedural myonecrosis and 6-month mortality was observed in this large trial. Despite the fact that an additional 39 ACS patients treated with tirofiban rather than abciximab developed an MI, the 6-month mortality in these 2 groups was identical; there were 20 deaths after tirofiban versus 20 after abciximab. Although underpowered for mortality, the absence of even a weak trend toward improved survival in ACS patients treated with abciximab was surprising given that prior studies have shown that either any degree of myonecrosis after PCI 23 or at least Q-wave or large non-Q-wave infarctions 24 do predict subsequent mortality. Although the survival curves might possibly diverge with longer-term follow-up (as in several placebocontrolled trials of abciximab 25 ), the nearly identical mortality in this large trial has persisted to 12 months (unpublished data). Moreover, 88% of the deaths in this trial occurred in patients without large periprocedural MI; these data are similar to the findings from a recently published meta-analysis of the controlled abciximab trials. 25 In that study, 
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however, late survival with abciximab was enhanced compared with placebo, 25 suggesting a beneficial effect of the nonplatelet properties of abciximab (eg, MAC-1 and vitronectin receptor binding. 8, [12] [13] [14] Tirofiban, however, as a pure antagonist of the ␣ IIb␤3 integrin receptor, has no biological activity beyond the platelet, and thus the near identical survival with these 2 agents in the present study calls into question the clinical relevance of these nonplatelet properties, especially in the face of less myonecrosis with abciximab.
Impact of GP IIb/IIIa Assignment in Non-ACS
In contrast to those with ACS, in the lower risk non-ACS patients, tirofiban use resulted in similar 30-day outcomes as abciximab, less thrombocytopenia, and a reduction in late TVR, resulting in a strong trend for enhanced event-free survival at 6 months with tirofiban relative to abciximab, a benefit that persisted after multivariate analysis. Although these data should be viewed cautiously given the limited number of patients, the post hoc nature of the analysis, and unknown biological basis for decreased TVR rates with tirofiban compared with abciximab, this finding suggests †In this model, the adjusted odds ratio (95% CI) for assignment to tirofiban rather than abciximab was 0.91 (0.62, 1.34); Pϭ0.64.
‡In this model, the adjusted odds ratio (95% CI) for assignment to tirofiban rather than abciximab was 1.18 (0.97, 1.44); Pϭ0.10. that tirofiban may be an efficacious and safe alternative to abciximab in patients with stable coronary syndromes. Moreover, given the 3-to 4-fold difference in costs between these 2 agents, tirofiban use in this setting is likely to be cost saving, although a formal costeffectiveness analysis is pending.
Role of Preprocedural Thienopyridine Administration
Recent studies have suggested that, compared with post-PCI initiation, thienopyridine administration before intervention results in improved procedural safety. 26 -28 The current study confirms and extends this premise; not only was preprocedural clopidogrel associated with lower rates of adverse cardiac events in both ACS and non-ACS patients, such use was of particular benefit in ACS patients treated with tirofiban; the relative reduction in periprocedural MI rates with abciximab compared with tirofiban in ACS patients was attenuated with preprocedural clopidogrel administration. Conversely, stent implantation in ACS patients with tirofiban without pretreatment with clopidogrel was associated with a striking 15.2% periprocedural MI rate. These observations may be explained by clopidogrel-mediated inhibition of stent-induced ␣ IIb␤3 receptor activation. 29 These data also collectively suggest that maximal antiplatelet activity is required in clinical syndromes associated with heightened platelet activation [15] [16] [17] and that the variance in pharmacodynamic potency between abciximab and tirofiban with the drug regimens used in the present study might be mitigated by the antiplatelet effects of thienopyridines.
Limitations
First, although the data were prospectively collected and adjudicated, clinical syndrome acuity was neither predefined nor prespecified for subgroup analysis. 18 Nonetheless, the differential effects of abciximab versus tirofiban in acute versus non-acute syndromes are likely to be real given the significant interaction effect in this blinded study and the results of multivariate modeling. Adequately powered prospective studies performed separately in the ACS and non-ACS populations would be required, however, for confirmation. Second, serum troponin levels were not collected in this trial, and thus whether the relative benefit of abciximab versus tirofiban in preventing periprocedural MI in patients with ACS would be greatest in troponin-positive patients (as might be predicted 30 ) cannot be answered. Third, detailed core laboratory angiographic analysis was not performed, and thus it is unknown whether the reduction in myonecrosis with abciximab compared with tirofiban in ACS would be mirrored by improved angiographic outcomes. However TIMI-3 flow rates were similar with both agents, and a recent report suggested that the prevention of most cardiac enzyme rises after stenting by GP IIb/IIIa blockade are angiographically inapparent. 31 Furthermore, the lower TVR rates after tirofiban compared with abciximab in non-ACS patients may have been due either to chance or to unmeasured imbalances known to affect restenosis, such as vessel size and lesion length. Finally, the degree of platelet inhibition achieved was not measured, and thus it cannot be stated with certainty whether differences in pharmacodynamic potency between the 2 agents were truly related to the varying suppression of myonecrosis, as hypothesized. This knowledge is critical, because higher doses of tirofiban than used in the present study might theoretically be equipotent to abciximab in limiting ischemic events after stenting, a postulate currently being tested in dose-ranging studies.
Clinical Implications
With the dosing regimens studied in the present trial, abciximab is more effective than tirofiban at suppressing periprocedural myonecrosis after stent implantation in patients with ACS, although a long-term survival benefit as a result has not been demonstrated. In patients with stable coronary syndromes, tirofiban use results in at least equivalent outcomes compared with abciximab, with less thrombocytopenia and bleeding, and thus may be an attractive alternative, especially when factoring in the cost differential between these agents.
